[1] Paleomagnetic results and U/Pb zircon dating from the San Marcos dike swarm and the El Testerazo pluton in the Cretaceous Peninsular Ranges batholith of northern Baja California are used to evaluate alternative pre-Neogene paleogeographic reconstructions of the Baja California peninsula. The San Marcos dike swarm is a dense, northwest striking, regional dike swarm that is exposed over an $100 km long segment of the batholith and has yielded a U/Pb zircon crystallization age of 120 ± 1 Ma. Dike attitudes from the swarm suggest a regionally consistent average $320°E strike and $79°NE dip. The El Testerazo pluton is a younger tonalite intrusion that truncates the northern end of the dike swarm. All but one of 36 sites sampled in this study show remanence of normal polarity. Paleopoles for the San Marcos dike swarm and El Testerazo pluton are indistinguishable and were combined into a paleopole at 248.1°E, 86.6°N, A 95 = 4.8°, which is displaced with respect to the 122 Ma reference pole for stable North America at 198.2°E, 72.3°N, A 95 = 3.3°. The displacement may be described by an apparent clockwise rotation of 18°± 6°and an apparent northward shift of 8°± 5°. Restoring a northward shift of about 3°, related to the separation of Baja California from North America since 10 Ma, only a marginal northward displacement of 5°± 5°is left. The clockwise rotation may be the result of crustal block rotations within the right-lateral shear systems in northern Baja California, although there is no geological evidence that supports this possibility. Alternatively, the difference between paleopole and reference pole may be due to tilting of the study area. Restoring a northeastward tilt of 11°, based on the mean dip measured for the San Marcos dike swarm in the study area, yields a paleopole at 187.6°E, 70.8°N, A 95 = 5.6°, which is indistinguishable from the 122 Ma North American reference pole. The tilting hypothesis suggested previously as a potential explanation for low inclination of paleomagnetic data from Baja California therefore seems to be viable for the discordant paleopoles from this segment of the batholith. Data obtained previously about 150 km further south and along the western edge of the batholith defined a concordant paleopole without any tilt correction, indicating that regional tilting may not be valid for all of Baja California.
Introduction
[2] The Peninsular Ranges of southern and Baja California play a central role in the debate over Cretaceous paleogeography of the western Cordillera. Cowan [1994] highlights the uncertainties and conflicts between models based on geologic versus paleomagnetic data. Paleomagnetic studies in the Peninsular Ranges, conducted at many widespread sites on both plutonic and sedimentary rocks, suggest that the Baja peninsula was located $1200 km southward of its present position off the southern margin of Mexico between 200 and 50 Ma [e.g., Hagstrum and Filmer, 1990; Lund and Bottjer, 1991; Hagstrum and Sedlock, 1998 ]. This restoration represents the $300 km of separation necessary to close the Neogene Gulf of TECTONICS, VOL. 21, NO. 5, 1049 , doi:10.1029 /2001TC001298, 2002 Copyright 2002 by the American Geophysical Union. 0278-7407/02/2001TC001298$12.00 California plus another $900 km of displacement to the south. Geologic evidence on the other hand appears equally strong that simply closing the Gulf of California restores the peninsula to its original position against the craton throughout the Phanerozoic [Gastil, 1993] . Two very different solutions to the discrepancy between paleomagnetic versus geologic restorations of Peninsular California involving offsets along hypothetical faults have been proposed [Hagstrum et al., 1987; Beck, 1991] . However, Gastil [1993] regards these solutions improbable based on regional geology.
[3] Butler et al. [1991] and Dickinson and Butler [1998] made the intriguing observation that the paleomagnetic inclinations from plutonic rocks in the Peninsular Ranges [e.g., Teissere and Beck, 1973; Hagstrum et al., 1985] , which require $1200 km of northward transport, can be reconciled by westward tilting of the batholith about a horizontal axis. The ''restored'' paleomagnetic directions would then require minimum northward translation of the batholith, consistent with Gastil's [1993] geologic restoration. Paleomagnetic results from sedimentary rocks, which also indicate $1200 km of northward transport, are further interpreted by Butler et al. [1991] to potentially reflect anomalously shallow inclination data resulting from unrecognized burial compaction. Such inclination shallowing has occurred in southern California marine sediments [Tan and Kodama, 1998 ] and sediments from the California margin [Kodama and Ward, 2001] , thereby reducing or eliminating the need of paleolatitudinal offsets proposed previously for the corresponding terranes. Significantly, data from Jurassic and Cretaceous sediments in Baja California have failed fold and conglomerate tests [e.g., Hagstrum and Filmer, 1990] , indicating a complex magnetic history that makes tectonic interpretation of the magnetic record difficult.
[4] We have initiated the study of intrusive complexes from throughout the length of the Baja California peninsula. Our approach is to sample in detail those batholiths where detailed geological, structural and geochronologic data are available. The goal is to obtain reliable individual paleopoles, which in turn should provide a coherent pattern, if the rocks have been affected by simple latitude shift or coherent tilt. Varying records observed from different regions might additionally indicate differential tilting or other even more complex deformation processes. So far results are variable and not yet conclusive: a concordant high quality paleopole was determined for the San Telmo intrusive complex in the north (present latitude 31°N [Böhnel and Delgado-Argote, 2000] ), in contrast to a 35°-45°clockwise rotated paleopole for the Los Cabos Block in the south (present latitude 23°-24°N [Schaaf et al., 2000] ). Indeed, these much differing results roughly correspond to the range of dispersion reported previously for paleopoles from sedimentary rocks [e.g., Hagstrum and Filmer, 1990] . It is noteworthy that the San Telmo complex is located in a tectonically undisrupted part of the Peninsula along the western edge of the Peninsular Ranges batholith, while the Los Cabos Block at the tip of Baja California has been strongly affected by Neogene tectonics related to the opening of the Gulf of California [Fletcher et al., 2000] .
[5] Here we present new data from the San Marcos dike swarm and the adjacent El Testerazo pluton in northern Baja California. The San Marcos dike swarm was targeted for study because it has a regionally consistent average $320°E strike and $79°NE dip which potentially represents a strain marker recording westward tilting of the batholith as proposed by Butler et al. [1991] .
Geology
[6] The areas of San Marcos and El Testerazo are located west of the Pinal Pluton in the northwestern part of the Baja California peninsula (Figure 1 ). This region is part of the magnetite-rich western province of the Peninsular Ranges batholith [Gastil et al., 1990 ] located west of the magnetiteilmenite boundary (Figure 1 ). The eastern province of the Peninsular Ranges batholith is predominantly magnetitefree. Plutons of the western province include ring complexes emplaced in dike-rich sub-volcanic environments of the Cretaceous Alisitos Formation [Gastil et al., 1975] .
[7] The San Marcos-Testerazo area is located in the south central part of the Southern California Shear Zone defined by Legg et al. [1991] . This regional shear zone is bounded by the right-lateral San Clemente fault on one side and the San Andreas-Gulf of California fault system on the other (Figure 1 ). In such a tectonic scenario, large-scale counterclockwise rotation of semi-rigid blocks, such as has been documented in the Transverse Ranges of the southern California farther to the north, is a possibility although it has never been recognized in this region. In the area of San Marcos-Valle Seco (Figure 2 ), north-northwest trending dikes form a well-exposed swarm-like complex which we refer to here as the San Marcos dike swarm. The dikes intrude both the granitoids and metamorphic rocks. Dikes range from basalt to rhyolite but are mostly of intermediate composition (plagioclase is oligoclase-andesine) showing a wide variety of textures ranging from aphanitic to micro granular, with porphyritic textures the most common. All dikes show pervasive to selective deuteric alteration (phyllic and propylitic) with very low silica content. Dike thicknesses range mostly from 1 to 10 m. The attitude of individual dikes strike consistently north-northwest, parallel to the structural grain of the Peninsular Ranges batholith, and are characterized by steep northeast dips. The dikes are hosted by plutonic rock as well as greenschist facies metasedimentary sandstone-siltstone sequences. Plutons that are crosscut by the dikes range in composition from tonalite to monzonite to monzodiorite in composition. Dioritic bodies less than 1.5 km across are reported in the same area by Comisión de Estudios del Territorio Nacional (CETENAL) [1977] . Similar dikes, which we interpret to be part of the San Marcos swarm, occur from this region southward to near the Agua Blanca fault.
[8] We conducted a systematic paleomagnetic sampling of dikes cropping out along the Agua Caliente Canyon and part of the Valle Seco Valley (Figure 2) . A total of 20 dikes were sampled for paleomagnetic and petrographic analyses ( Figure 2 and Table 1 ). Fracturing and attitude of the dikes were measured mainly along the Agua Caliente Canyon and around the Valle Seco Valley. The mean orientation of the dikes is %320°and their mean pole plunges 11°, with its azimuth oriented toward 230° (Figure 3a ).
[9] As noted above, the San Marcos dikes dip steeply and consistently to the northeast in the San Marcos area. Theoretical [Delaney et al., 1986] and field studies [Pollard et al., 1983] indicate that dikes in the upper crust typically form in a near-vertical orientation by hydraulic fracturing and either vertical or lateral flow. Assuming that the San Marcos dikes were vertically emplaced and subsequently tilted, then restoration to their original orientation would require rotating 11°to the southwest around a horizontal axis striking 320°, the mean orientation of the dikes (Figure 3b ).
[10] Fractures in the 17 sampled dikes as well as the host rocks in the area of San Marcos almost parallel the orientation of the dikes. Most of the horizontal fractures are almost perpendicular to the orientation of vertical fracturing (Figure 3c ), suggesting that simple cooling formed the set of orthogonal fractures. No border deformation due to forced emplacement was observed in the dikes or the enclosing rocks, indicating a passive emplacement.
[11] El Testerazo Pluton is an approximately 10 km wide intrusive body of hornblende-biotite tonalite. There is significant variation of modal hornblende and biotite within the pluton. Figure 2 illustrates curvilinear fractures that characterize the southern part of the pluton; the northern part is partially covered by Eocene conglomerates of the Las Figure 1 . Study area and major geologic features of northern Baja California. Most of the reported active faults are indicated [after Legg et al., 1991; Suárez-Vidal et al., 1991; Frez and Frías-Camacho, 1998a] . Black areas show some of the main plutons identified from satellite images [Romero-Espejel and Delgado-Argote, 1997] and the shaded zone is the magnetite-ilmenite boundary after Gastil et al. [1990] . M, Mason Valley; ET, El Topo; LP, La Posta; P, Pinal; LJ, Laguna Juarez; ST, San Telmo; SJ, San Jose; Z, La Zarza; SPM, San Pedro Martir.
Palmas Gravels [McDonough and Abbott, 1989] . In the northern and central part of the pluton systematic paleomagnetic sampling was conducted. Dikes related to the San Marcos swarm are notably absent in this pluton indicating that the El Testerazo Pluton is younger. So far no age determination is available, but according to the age contours defined by Ortega-Rivera [1997] , El Testerazo would fall into the 100 -110 Ma age range. From satellite images, the most conspicuous structures of the El Testerazo Pluton are curvilinear lineaments paralleling its borders ( Figure 2 ). In this pluton we measured 34 characteristic penetrative fractures in 16 sites of paleomagnetic sampling. Fractures are radially distributed and lineations of mafic minerals, mostly plunging horizontally in the same sampling sites show a very consistent orientation towards 342°indicating magma flowage in that direction (Figures 3d and 3e) . No argument referring to the potential tilting can be derived from fracture data of El Testerazo.
[12] The study area is divided by the northwest trending Vallecitos Fault (Figure 1 ), which is considered active although seismicity is not well defined along its trace. Frías-Camacho [1998a, 1998b] have recently shown a SM, San Marcos, PT, Testerazo pluton (PT). Statistical parameters are defined as follows: n/r, samples used/rejected for site mean calculation; R, vector sum; k, precision parameter; a 95 , 95% confidence limit [Fisher, 1953] ; Dec, Inc, site mean declination and inclination; Lat, Long, coordinates of corresponding VGP.
b Site means with a 95 > 15°, which are not considered for the mean pole given in the last line. Table 1 ). Lithologic units are as follows: Psch = Paleozoic schist, Pgn and Pq = quartzite (light shaded area) after Gastil et al. [1975] , Kgr = undifferentiated granitoids, Kt = tonalite, Kqm = quartz-monzonite, Km = monzonite, Kd = diorite, Kr = rhyolite and undifferentiated acidic volcanic rocks of the Alisitos Fm., Tcg = Eocene conglomerates of the Las Palmas Gravels. Blank areas are Quaternary alluvium. Note: The rhyolite dike for zircon U/Pb geochronology is located in site 12. [Gastil et al., 1975; Suárez-Vidal et al., 1991] . Both structures are parallel, trend about 300°, and have been described as right lateral .
[13] Structural lineaments interpreted from a TM satellite image show that neither the Vallecitos nor the Calabazas faults are reflected in roses of lineaments. The most conspicuous structural features are oriented toward 12°, which roughly correlates with the orientation of the distribution of epicenters in the southern part of the Vallecitos Fault Frías-Camacho, 1998a, 1998b] , suggesting that these are presently active structures. The lineaments oriented towards 330°and 320°show a good correlation with respect to the orientation of the dikes in the whole region, and the area of San Marcos as well. Since the NE oriented structures show a better-defined morphology, we interpret that the NW oriented Vallecitos fault zone is presently inactive and older than the NE structures.
Zircon U/Pb Geochronology
[14] Zircon U/Pb data from the Rancho San Marcos Dike Swarm are presented in Table 2 and plotted on a concordia diagram in Figure 4 . The dated sample is a prominent 6 m wide rhyolite dike that extends several hundred meters along strike, and is part of the extensive swarm of dikes outcropping at Rancho San Marcos. The dike swarm here is hosted by greenschist facies flysch, which is likely correlative to the nearby Rancho Vallecitos Formation [Reed, 1993] . The strike and dip of the sampled dike-330°E, 73°NE-is well defined by a flow foliation parallel to the walls of the dike and is characteristic for the dike attitudes that dominate the swarm.
[15] Four zircon fractions were analyzed from this dike, and all yielded similar results with near concordant to slightly discordant U/Pb ages that range from $121 to 127 Ma. The fractions define a discordia lower intercept age of 120 ± 1 Ma which is interpreted as the crystallization age of the dike. The upper intercept age of 740 ± 150 Ma is attributed to inherited components of older zircon. Inheritance is uncharacteristic of plutonic samples from the western zone of the Peninsular Ranges batholith studied by Silver and Chappell [1988] . It is possible that the relatively weak inheritance in this sample is due to incorporation of xenocrystic zircon derived from host wall rock lithologies at shallow crustal levels, although obviously xenocrystic zircon were not observed in the population.
[16] The similarity in lithology between the dated sample and other silicic dikes of the swarm in this region, together with the regionally consistent $320°E strike and $79°n ortheast dip of the swarm in this region suggests that the BÖ HNEL ET AL.: DISCORDANT PALEOMAGNETIC DATA, BAJA CALIFORNIA 120 ± 1 Ma zircon age reported here is a representative age for the dike swarm. Interestingly, the 120 ± 1 Ma age coincides closely with the inception of voluminous intrusive activity in the western zone of the Peninsular Ranges batholith that ranges from $120 -105 Ma [Silver and Chappell, 1988] .
Paleomagnetic Data

Sampling
[17] Sampling localities are marked on the geological map (Figure 2 ). Most dikes of the San Marcos dike swarm were sampled along a canyon of the Agua Caliente River, where they are exposed in fresh outcrops. Twenty dikes (SM1-20) were sampled using standard methods, including a portable drill with diamond drill bits and an orienting device. The intrusive body NE of El Testerazo village was sampled in 16 natural outcrops (PT1-16) of fresh rock, about half of them along the Cañón el Alamo. Drill cores were subdivided in the laboratory to obtain from each core several standard-size paleomagnetic samples of 21 mm length. This was not always possible for cores from San Marcos dikes, which were extremely hard and cores were therefore shorter.
Rock Magnetic and Paleomagnetic Data
[18] Pieces from selected drill cores were used for rock magnetic studies. Hysteresis measurements were carried out using a MicroMag 2900 magnetometer, and examples are shown in Figure 5 . As expected for such a coarse-grained rock, hysteresis parameters for the El Testerazo pluton samples indicated the dominance of multidomain particles [e.g., Day et al., 1977] , with ratios of remanent saturation to saturation magnetization (M rs /M s ) between 0.01 and 0.05 and low magnetic coercivities H c of 1.6 À 5.2 mT. These values were slightly larger for the San Marcos dike samples, partly giving ratios M rs /M s up to 0.36 and coercivities of up to 25 mT. Thus San Marcos samples may contain a mixture of multidomain and single and/or pseudo single domain particles. The dominance of multidomain particles is also indicated by the Königsberger factor Q, the ratio of natural remanent magnetization (NRM) to low field induced magnetization: Q showed values below 0.1 for El Testerazo pluton samples and up to 0.5 for San Marcos samples. This can be explained by the larger size of Fe oxide grains in El Testerazo compared to the smaller remanence carriers of the San Marcos dikes.
[19] High field induced magnetization was measured during heating by means of a VFTB horizontal magnetic balance. The obtained thermomagnetic curves ( Figure 6 ) point to Curie temperatures around 580°C and thus magnetite appears to be the dominating magnetic mineral, as commonly observed in granitic rocks. In many samples of the San Marcos dikes, a strong paramagnetic component was superimposed on a weak magnetite component. This coincides with the observation of rather low natural remanent magnetization (NRM) intensities. Volume content of magnetic minerals therefore is low in the dikes. Opaque [20] Two to three pilot samples were selected from each site and subjected to detailed stepwise alternating magnetic field (AF) and thermal demagnetization experiments. After each step, the remanence vector was measured with a Molspin spinner magnetometer or an AGICO JR-5 induction magnetometer, depending on the remanence intensity. Based on the obtained directional and intensity variations of the pilot samples, the remaining samples of a site were demagnetized in less detail, using 5 -7 temperature or around 10 AF steps, but always extending the treatment if no stable end-point direction was yet achieved. El Testerazo samples responded equally well to both demagnetization methods, and the AF method was generally used, as it is less time consuming. Further on, the coarse-grained El Testerazo samples sometimes disintegrated at temperatures between 400°-500°C, often before their NRM was reduced significantly. Samples from the San Marcos dikes in turn responded better to the thermal demagnetization than to AF, and this treatment was used to study their remanence. All demagnetization data were interpreted using principal component analysis [Kirschvink, 1980] . The segments of the selected fits are characterized by median angular dispersions (MAD) of the data points around the adjusted segment of around 5°o r less, and only rarely MAD exceeded 10°. Most demagnetized samples could therefore be included in the calculation of site mean directions (Table 1) .
[21] Typical examples of demagnetization experiments in form of orthogonal vector plots are shown in Figure 7 . After removal of occasional secondary magnetization components in temperatures below 400°C or in fields less than 30 mT, most samples showed a stable direction with a northerly declination and downward inclination. Laboratory unblocking temperatures were lower than 580°C, thus supporting above interpretation that magnetite is the dominating carrier of remanence. Coercivities as seen in the AF-demagnetization plots were surprisingly high, especially in the coarse-grained El Testerazo pluton samples. Here remanence seems rather to reside in the smaller magnetic grains or in small inclusions than in the larger particles that dominate the bulk magnetic properties like magnetic hysteresis or Q factor. Most sites showed normal polarity as expected according to the age of these rocks, which correlates them with the Cretaceous Normal Superchron (CNS; 118 À 83 Ma) [Ogg, 1995] , or maybe also to the normal polarity chron M1 (122-119 Ma). However, site SM15 was of reversed magnetic polarity, indicating that the dike swarm may have started its emplacement just before the CNS.
Paleopoles
[22] Site mean directions were calculated according to Fisher [1953] , using core mean directions where applicable, and the results are listed in Table 1 . Most site means are well defined, with 95% confidence limits (a 95 ) below 10°, and virtual geomagnetic poles (VGP) are situated close to the North Pole (Figure 8 ). Paleopoles were calculated for the complete data sets of San Marcos and El Testerazo pluton sites, and also for a reduced set of sites with a 95 < 15°. The paleopoles do not differ much, but for the following interpretation we will use the reduced data set only, as it corresponds to the better defined site mean directions. Paleopoles for San Marcos and El Testerazo pluton are shown in Figure 9 , and their 95% confidence limits (A 95 ) both include the geographic North Pole. This might be interpreted as the result of a strong recent overprint of remanence, as already discussed for some of the previously reported paleopoles [e.g., Butler et al., 1991] . One argument against such an interpretation for our data is the occurrence of the reversed site SM15, which otherwise shows a similar paleomagnetic record as the rest of the sites.
[23] According to the discrimination test proposed by McFadden and Lowes [1981] , paleopoles SM and PT are indistinguishable. We interpret this coincidence in terms of a thermoremanence acquired during a relatively short time span, and a common tectonic history afterward. Therefore both data sets were combined into one paleopole labeled TSM.
[24] Two reference poles for stable North America have been selected from the literature to compare with the San Marcos, El Testerazo pluton and TSM paleopoles, according to the age range of the studied rocks. Both the 112 Ma [McEnroe, 1996a] and 122 Ma [McEnroe, 1996b] paleopoles have very similar coordinates. These reference poles are listed in Table 3 together with the paleopoles for San Marcos and El Testerazo pluton and the combined paleopole TSM. So far, the only age determination is that included in the present work for the San Marcos dike, and therefore we will use the 122 Ma reference pole for further interpretation. Nevertheless, we may keep in mind that the Testerazo pluton appears to be slightly younger, and for that reason we include the alternative 112 Ma reference pole. From Figure 9 it is evident that the paleopoles are rotated clockwise with respect to the preferred 122 Ma reference pole, and they are situated slightly far-sided with respect to the sampling region. This may be expressed in terms of vertical axis rotation and poleward displacement, taking into account the uncertainty of the reference poles and paleopoles [Beck, 1980; Demarest, 1983] ; the combined paleopole TSM then shows an apparent clockwise rotation of 16°± 6°to 18°± 6°and a poleward displacement of 6°± 5°to 8°± 5°, depending on the chosen reference pole (Table 3) .
Interpretations and Discussion
[25] Poleward displacement of the paleopoles for the data presented here is small, especially after restoration of the 3°F igure 8. Site mean VGP for San Marcos dikes and Testerazo pluton in Schmidt equal-area projections. Normal/reversed site means are shown with black dots/small circles. Ovals around means are 95% error limits, and only those sites from Table 1 with confidence ovals a 95 < 15°are shown. northward displacement of Baja California produced during the Neogene opening of the Gulf of California. We may therefore interpret the TSM paleopole to indicate a much smaller or even absent latitude displacement of Baja California since Cretaceous time than proposed by, e.g., Hagstrum and Filmer [1990] and Hagstrum and Sedlock [1998] . This interpretation resembles that of the San Telmo paleopole, obtained recently from an intrusive complex approximately 150 km to the south [Böhnel and Delgado-Argote, 2000] , which is concordant with the corresponding 100 Ma reference pole. However, the 16°-18°vertical axis clockwise rotation required by the TSM data is clearly beyond the associated error limits. Rotations associated with the right-lateral San AndreasGulf of California system might explain a clockwise rotation of the TSM paleopole. In the study area, the presently inactive Vallecitos and Calabazas right-lateral faults may have rotated the El Testerazo pluton and the San Marcos dikes. However, the consistent $320°E strike of the San Marcos dike swarm throughout a 100 km segment of the batholith in this region, including areas farther away from the Vallecitos and Calabazas faults, does not support such an interpretation.
[26] Alternatively, we may consider a tilt of the study area after TRM acquisition, as proposed in general by Butler et al. [1991] and Dickinson and Butler [1998] . This could be related to the general uplift observed for Baja California [Ortlieb, 1991] , or differential uplift of the peninsular batholith itself [e.g., Ortega-Rivera et al. , 1997] . For evaluating such a possibility, we restored the 11°northeastward tilt using the structural information described above for the San Marcos dikes. Applying the same tilt correction also to the El Testerazo intrusive is based on the paleomagnetic record that is indistinguishable from the San Marcos dikes, which suggests that it was produced almost contemporaneously and that both groups of rocks afterward experienced the same tectonic movements. The corresponding VGPs define a tilt corrected paleopole (TSM t ) situated at 70.8°N and 187.6°E with A 95 = 5.6°, very close to the 122 Ma as well as to the 112 Ma reference poles (Figure 9 ). Apparent rotation and poleward displacement are within the error limits, with values for the 122 Ma solution of R = 4°± 7°, F = 2°± 5° (Table 3) . Such a tilt therefore is an attractive alternative to vertical axis rotation, and future studies should focus on such a tectonic process for explaining divergent paleomagnetic data from southern and Baja California.
[27] As the paleolatitude of the study area is indistinguishable from that of the adjacent stable North America, we exclude any significant latitude displacement during upper Cretaceous to Neogene time as proposed by, e.g., Hagstrum and Sedlock [1999] , and which should have been recorded by the San Marcos dike swarm and El Testerazo pluton. This interpretation is also in good agreement with a paleomagnetic study of the Cretaceous San Telmo pluton $150 km further south in Baja California [Böhnel and Delgado-Argote, 2000] , which defined a high-quality paleopole coinciding with the corresponding stable North American reference pole. In the case of the San Telmo pluton however, correction for regional tilting of the batholith was not appropriate. This suggests that the uniform regional southwestward tilting of the batholith we are proposing here for the region encompassing the San Marcos-El Testerazo area, did not occur in the San Telmo area. The apparently different tectonic histories of these two areas may be due to the fact that San Telmo is situated far away from the Gulf of California extensional province, as well as far from the right-lateral fault systems of northern Baja.
[28] The new paleomagnetic data from Baja California, together with other data from southern California [Yule and Herzig, 1994] , thus may finally help to resolve the controversy over the paleogeography of this part of the North American continental margin. Our present study demonstrates that a solution may be found for both paleomagnetic and field geological constraints, which at a first view seem to be contradictory. In retrospect, it might look as an irony of nature that the effects of such differing processes as tilting of plutonic bodies and flattening of the magnetic remanence in marine sediments [Tan and Kodama, 1998; Kodama and Ward, 2001] would have so similar consequences for the observed paleopoles to produce that rather convincing and simple picture of large-scale displaced Baja California. The lesson we may learn from this is that for establishing a paleogeographic model for such a complex terrane as Baja California, many rock units have to be studied in detail and by independent methods complementing each other, before approaching a satisfying solution. a PT, El Testerazo pluton; SM, San Marcos dikes; TSM, overall paleopole without tilt correction; TSM t , overall paleopole with tilt correction. Only sites with confidence limits a 95 <15°were taken into account. Apparent tectonic clockwise rotation R ± dR and northward displacement F ± dF with 95% error limits [Beck, 1980; Demarest, 1983] , relative to reference poles for stable North America for 112 Ma at 74. 5°N, 195 .2°E, A 95 = 3.8° [McEnroe, 1996a] , and for 122 Ma at 72. 3°N, 198 .2°E, A 95 = 3.3° [McEnroe, 1996b] . Other statistical parameters as defined in Table 1. 
